Abstract. Angiogenesis is induced by various angiogenic factors including vascular endothelial growth factors (VEGFs), such as VEGF-A, -B, -C and -D, and is involved in tumor progression and metastasis. In an effort to define the expression pattern of VEGFs in oral squamous cell carcinoma (OSCC) and its correlation with clinicopathological factors, we determined the expression levels of VEGFs in OSCC cell lines (HSC-2, HSC-3, HSC-4 and OSC-19) by quantitative RT-PCR and examined their relationship with regional lymph node (LN) and distant metastasis, intratumoral microvessel density (MVD) in tumor transplanted nude mice. We found that HSC-2 and OSC-19 expressed significantly higher levels of VEGF-A and VEGF-C, and caused frequent regional LN metastasis and higher MVD than did the other cell lines. Since VEGF-C is a lymphangiogenic factor, these results suggest that expression of VEGF-C is a useful predictor for LN metastasis.
Introduction
Angiogenesis is one of the important factors that determine the growth and metastasis of solid tumors. While angiogenesis is regulated by a number of angiogenic factors, it has been suggested that vascular endothelial growth factors (VEGFs) play an important role in tumor angiogenesis (1) . After the discovery of VEGF-A, three other members of VEGFs, i.e. VEGF-B, -C and -D were discovered and characterized (2) (3) (4) (5) (6) .
VEGFs are expressed in a variety of human tumors including breast cancer, head and neck squamous cell carcinoma (HNSCC) and oral squamous cell carcinoma (OSCC) (7) (8) (9) , and it was previously shown that expression of VEGF-A plays an important role in tumor angiogenesis and blood-borne metastasis (10) . In addition, recent studies have demonstrated that VEGF-A is a reliable prognostic factor for HNSCC and OSCC (11) (12) (13) (14) . While VEGF-C stimulates the migration and proliferation of vascular endothelial cells, its ability to stimulate angiogenesis is lower than that of VEGF-A (15, 16) . On the other hand, VEGF-C is now known to be a lymphangiogenic factor that stimulates lymphatic proliferation (17) . In harmony with these data, recent studies have revealed that VEGF-C probably promotes the spread of cancer cells through lymphatic channels (18) (19) (20) . VEGF-B, which also affects angiogenesis, is thought to play a role in endothelial cell migration and matrix remodeling, where it regulates the urokinase plasminogen activator (uPA) and its inhibitor, plasminogen activator inhibitor-1 (PAI-1) (21) . The role of VEGF-D is to stimulate both endothelial and lymphatic cells, and it has also been found to promote the metastatic spread of cancer cells via the lymphatic system (22) . Although the expression of the VEGFs in OSCC has been extensively studied, the precise expression pattern of VEGFs is still unclear, as is the question of whether the expression pattern of VEGFs in each OSCC is related to clinicopathological factors. In an effort to define the expression pattern of VEGFs in OSCC, we identified the expression levels of VEGF-A, -B, -C and -D in OSCC cell lines. Then we investigated their relationship to lymph node (LN) metastasis, distant metastasis, and intratumoral microvessel density (MVD) in tumor transplanted nude mice.
Materials and methods
Cell lines and culture. OSCC cell lines HSC-2, -3, -4 (23) were obtained from Cell Resource Center for Biomedical Research in Tohoku University (Sendai, Japan), and OSC-19 (24) was ONCOLOGY REPORTS 15: 825-830, 2006 825 Expression level of vascular endothelial growth factor-C and -A in cultured human oral squamous cell carcinoma correlates respectively with lymphatic metastasis and angiogenesis when transplanted into nude mouse oral cavity kindly provided by Professor E.Yamamoto (Department of Oral and Maxillofacial Surgery, Kanazawa University, Japan). The cells were harvested in 100-mm plastic dishes and cultured in Dulbecco's modified Eagle's medium supplemented with 10% fetal bovine serum and antibiotics, until they reached subconfluence. Normal oral epithelial cells were used as controls. These cells were established using normal oral mucosae from patients who were undergoing dental extractions, preprosthetic surgeries, or gingivectomy, with informed consent. Cells were cultured until they reached subconfluence according to a previous study (25) .
Tumor transplantation. The protocol for the following tumor transplantation studies was approved by the Ethics Committee of Niigata University. Sixty-one athymic BALB/c-nu/nu nude mice (CLEA Japan, Tokyo, Japan) were used at 5 weeks of age. They were maintained in a plastic isolator under specific pathogen-free conditions. Four OSCC cell lines, HSC-2 (n=14), -3 (n=14), -4 (n=16), and OSC-19 (n=15), were injected into mouse tongue via an intra-oral approach at 2.0x10 5 viable cells/ 0.025 ml in cell culture medium per mouse, using a microliter syringe (Hamilton, Nevada, USA) with a 26-gauge disposable needle (Terumo, Tokyo, Japan). As controls, two mice were not injected with tumor cells. All mice were sacrificed on day 21 post implantation, and submitted for autopsy. At autopsy, oral tumors, cervical LN and lung were removed using an operating microscope (SZ40, Olympus, Tokyo, Japan).
Quantitative RT-PCR. Total RNA of cultured cells (HSC-2, n=7; HSC-3, n=7; HSC-4, n=6; OSC-19, n=6; Normal epithelial cells, n=6) was isolated by ISOGEN (Nippon Gene, Tokyo, Japan) and used for the synthesis of first-strand cDNA using reverse transcriptase (Superscript II, Invitrogen, CA, USA) and random hexamers (Invitrogen). The RT product was amplified by PCR with Taq DNA polymerase (Takara EX Taq R-PCR version, Takara, Shiga, Japan) and specific primers as shown in Table I . These primer sets for the detection of VEGF mRNA were designed to span introns, the PCR products were cloned into the PCR2.1 vector using the TA cloning system (Invitrogen). These plasmids were grown in Escherichia coli TOP10 and prepared by cecium chloride density-gradient centrifugation for use as the external standard. To determine the levels of VEGF mRNA in OSCC cell lines and normal oral epithelial cells, we performed quantitative realtime PCR analysis using Smart cycler (Cepheid, CA, USA). The following PCR protocol was applied: after 30 sec at 95˚C, each of 40 cycles had 15 sec at 95˚C followed by 30 sec at 68˚C for extension. Real-time monitoring of PCR products was done using fluorescence of SYBR green I (Takara). Standard curve for VEGF plasmids were created, and the level of VEGFs were expressed as the number of target molecules/ 1 μg RNA. We confirmed the RT-PCR products by 3% agarose gel electrophoresis.
Immunohistochemistry. Oral tumors were fixed with 4% paraformaldehyde, embedded in paraffin, and cut into 4 μm-thick sections. Tissue sections were deparaffinized and immersed in methanol with 0.3% hydrogen peroxide. After treatment with 5% skimmed milk for 30 min, the sections were incubated with primary antibody at 4˚C overnight. For detection of blood microvessels, we used a monoclonal rat anti-mouse CD34 antibody (Hycult Biotechnology, Uden, The Netherlands) (diluted at 1:200) that is commonly used for determing MVD by staining endothelial cells of blood vessels. Table I . Primer sequences for VEGFs and SCCA used for RT-PCR. 
The standard streptavidin-biotin-peroxidase complex method was used to bind the primary antibody with the use of a Histomark Streptavidin-HRP system (Kirkegaad & Perry Laboratories, MD, USA). Reaction products were visualized by 0.02% diaminobenzidine solution containing 0.05% hydrogen peroxide. Sections were then counterstained with hematoxylin.
Assessment of microvessel density. The three most hypervascular areas (hot spots) were selected under microscopic observation at low magnification (x50) for MVD assessment. These areas were then observed at high magnification (x200) and the number of vessels per field was counted. Any single endothelial cell was counted as a single microvessel. The mean values for the three fields were recorded as the MVD for each tumor.
Detection of lymph node metastasis. To detect LN metastasis, we examined the expression of squamous cell carcinoma antigen (SCCA) mRNA in cervical LN by RT-nested PCR. SCCA is a tumor-associated antigen and a serological marker for squamous cell carcinomas in a number of organs (26) (27) (28) . The usefulness of molecular diagnosis of micrometastasis by RT-PCR based on SCCA mRNA expression has been reported (29) (30) (31) . LN of tumor transplanted mice were placed in ISOGEN and immediately homogenized. Total RNA was isolated by ISOGEN and used for the synthesis of first-strand cDNA as described above. As controls, tongue and LN of mice without tumor transplanted and four OSCC cell lines (HSC-2, HSC-3, HSC-4, OSC-19) were used. To confirm the sensitivity of this RT-nested PCR assay, a 10-fold dilution series of 1x10 6 to 1x10 0 cultured HSC-4 cells were mixed with 1x10 7 normal peripheral blood mononucleocytes (PBMN). PBMN were harvested from the heparinized blood of healthy volunteers using lymphoprep (Axis-Shield PoC AS, Oslo, Norway) gradient centrifugation according to the manufacturer's instructions. The RT product was amplified by PCR with TaqDNA polymerase (Takara Taq, Takara). Primers for SCCA were designed as previously reported (28) ( Table I ). The outer primers produced a PCR product of 450 bp; the inner primers, a PCR product of 307 bp. In the first-round PCR for SCCA, the amplication reaction was carried out with initial denaturation at 94˚C for 5 min, 25 cycles of denaturation at 94˚C for 1 min, annealing at 45˚C for 1 min, extension at 72˚C for 2 min, and final extension at 72˚C for 7 min. The second-round PCR of 30 cycles had identical reaction parameters except that the annealing temparature was 67˚C. The quality of RNA and cDNA synthesis was ascertained by amplification of glyceraldehydes phosphate dehydrogenase (GAPDH) as the internal control. The primer sequences for GAPDH primers were 5'-GA AATCCCATCACCATCTTCCAGG-3' and 5'-CATGTGGG CCATGAGGTCCACCAC-3'. The following PCR protocol was applied: initial denaturation at 95˚C for 5 min, 30 cycles of denaturation at 95˚C for 1 min, annealing at 68˚C for 1 min, extension at 72˚C for 2 min, and final extension at 72˚C for 7 min. PCR products were separated by electrophoresis on a 3% agarose gel and stained with ethidium bromide.
Detection of distant metastasis. For the evaluation of distant metastasis, pulmonary metastasis was evaluated. Detection of pulmonary metastasis, lung were observed histologically. Dissected specimens were fixed with 10% formalin and embedded in paraffin. The specimens were sectioned serially at 4 μm and stained with hematoxylin and eosin (H&E).
Statistics. Statistical analysis was performed with SPSS statiscal software (SPSS, Chicago, IL, USA). For comparison of the levels of VEGF mRNA expression in each OSCC cell lines and normal oral epithelial cells, two-way ANOVA was used. Significance of differences was evaluated by using the Bonferroni correction for multiple comparison test in cases where ANOVA was significant. For comparison of MVD of each OSCC cell line transplanted in nude mice, one-way ANOVA was used, when ANOVA showed a significant difference between cell lines, the Bonferroni correction was applied. Comparison of LN metastasis of each OSCC cell line transplanted nude mice was evaluated by using the ¯2 test. A P-value of <0.05 was considered stastically significant. ONCOLOGY REPORTS 15: 825-830, 2006 Table II. The expession of VEGFs at mRNA levels in OSCC cell lines. 
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Results
Expression levels of VEGF mRNA in OSCC cell lines and normal oral epithelial cells. All the VEGF mRNAs were expressed at variable levels in OSCC cell lines and normal oral epithelial cells (Fig. 1) . Quantitative real-time PCR analysis revealed that VEGF-C mRNA and VEGF-A mRNA levels in HSC-2 and OSC-19 were significantly higher than the other two VEGF mRNA levels (P=0.000) (Tables II and III) . VEGF-B and VEGF-D mRNA were expressed at lower levels in each OSCC cell line and in normal oral epithelial cells.
Sensitivity and specificity of our detetection of SCCA. Serial dilution experiments showed that the RT-nested PCR assay detected 10 3 HSC-4 cells per 10 7 of PBMN (Fig. 2a) . SCCA mRNA was detected in all four OSCC cell lines (HSC-2, HSC-3, HSC-4, OSC-19) (Fig. 2b) . We did not detect SCCA mRNA in tongue or LN of mice without a transplanted tumor (Fig. 2c) .
Clinicopathological factors in tumor transplanted nude mice. Table IV shows the clinicopathological factors in tumor transplanted mice. MVD of HSC-2 and OSC-19 were also Table III . Two-way analysis of variance. -------------------------------------------------------------------------------------------------- significantly higher than those of HSC-3 and HSC-4 (P=0.000) (Fig. 3) . Also, LN metastasis-positive cases were significantly higher in HSC-2 and OSC-19 than in HSC-3 and HSC-4 (P=0.007). Pulmonary metastasis was not found in any of the mice.
Discussion
In the present study, we investigated whether the expression of the VEGFs, VEGF-A, VEGF-B, VEGF-C and VEGF-D in OSCC cell lines correlated with clinicopathological factors in tumor transplanted nude mice. Our main hypothesis was that the expression patterns of VEGFs would be different for each OSCC, and that these differences would be associated with the metastatic potential. HSC-2 and OSC-19, which expressed higher levels of VEGF-C and VEGF-A, caused frequent LN metastasis and high MVD in nude mice. VEGF-C is a lymphangiogenic factor and VEGF-A is an angiogenic factor. Considering these points, our results suggest that the expression levels of VEGF-C and VEGF-A correlate with, respectively, lymphatic metastasis and angiogenesis. This relationship is consistent with previous studies that showed positive correlation of VEGF-C levels and LN metastasis (7, 8, 19, 20) . Sedivy et al for example, reported that the expression of VEGF-C correlates with lymphatic microvessel density and nodal status in OSCC (20) . While the expression of VEGF-A that correlated to distant metastasis in addition to MVD was expected, there was no correlation between VEGF-A expression and distant metastasis in our study. To prevent cruelty to animals, observation periods were set at 3 weeks to minimize the influence of tumor transplantation on the feeding of mice, but this observation period may have been too short to establish distant metastasis.
On the basis of our present study, VEGF-C expression is highly related to LN metastasis. Since LN metastasis is the most important prognostic factor in OSCC, identification of better markers that would identify patients with biologically aggressive tumors would provide a much needed opportunity to target patients at risk of developing metastasis. VEGF-C expression appears to be a novel predictive factor for LN metastasis. Table IV . Clinicopathological factors in vivo. ------------------------------------------------- 
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